Importance: Facial lipoatrophy is a common problem among the Human Immunodeficiency Virus (HIV) population. With highly active antiretroviral therapy, these patients are able to delay the evolution of the disease and live many more years; however, more than half of them are faced with difficulties in their social and professional lives secondary to the physical changes of their faces. Observations: The majority of HIV-positive patients exhibit significant facial soft tissue loss, especially in the buccal fat pad resulting in accentuation of the malar eminence and the inferior orbital rim. Reconstruction has been performed with many temporary and permanent methods, but no single satisfactory procedure has been universally adopted. Conclusions and Relevance: We present a new method of addressing the resulting facial hollowing by tailoring a multi-layered e-PTFE sheet in a customized fashion to camouflage the specific atrophic areas in the face. Our patient demonstrated a significant improvement in both cosmesis and social re-integration. A detailed surgical description along with a review of the literature is reported.
Introduction
Facial lipoatrophy, a significant component of lipodystrophy syndrome, is frequently seen in the HIV-positive population and is characterized by fat loss and/or redistribution [1] [2] . It is believed that this entity is linked to the use highly active anti-retroviral therapy (HAART), as both began to appear in the literature around 1997.
Two different drug classes, protease inhibitors and thymidine nucleotide reverse transcriptase inhibitors, have been listed as potential risk factors and likely have a synergistic effect [2] . While the incidence of HIV-lipodystrophy is declining, the prevalence is reported to be as high as 83%. Of this subset, 38% -52% suffer from facial lipoatrophy [1] .
For facial lipoatrophy to be detected clinically, the amount of fat loss is approximately 30% [1] . The loss of volume occurs most noticeably in the buccal fat pad resulting in accentuation of the malar eminence and infraorbital rim. The associated psychological effects can be tremendous. Collins et al surveyed patients with facial lipoatrophy and found that these patients were socially withdrawn, more commonly depressed, more likely forced to disclosing their HIV status, less compliant with HAART, and had lower self-esteem [3] .
Restoration of the facial volume has been performed using a variety of products and reconstructive techniques. These products vary not only in duration of effect but also in the cosmetic result. The midface, which becomes volume deficient in this subset of patients, is particularly complex given its differences in appearance at rest and in motion. Popular options for treatment include an assortment of injectable fillers. These products have varying longevity that are intended to be placed in either the dermal or subdermal layer depending upon the molecular size and method of action of the product [4] . One of the more accepted options is deep dermal injection poly-L-lactic acid, which was approved by the FDA in 2004 for the treatment of HIV lipoatrophy. While satisfactory results have been demonstrated with this filler, additional treatments are required to maintain its effects. The requirement of needing continuous treatments has led others to search for the ideal product, which would include one that is permanent, reproducible, aesthetically pleasing and cost-effective.
Despite the advances in facial fillers and surgical implants, a universally adopted durable method of midface volume restoration is lacking. We present a novel technique using a custom-tailored e-PTFE sheet to re-establish the natural facial contour. Included is a review of the current literature covering the spectrum of temporary, semi-temporary and permanent options for restoration of facial volume in patients with HIV lipoatrophy.
Case Presentation
A 46-year-old male, who was diagnosed with HIV about 10 years ago and was subsequently started on HAART, presented with facial hallowing. His last CD4 count was greater than 500 and his last viral load was undetectable. The patient stated that he first noticed the facial changes in the year following triple therapy initiation. Multiple facial fillers were attempted unsuccessfully over the past 8 years. On physical exam, he was noted to have significant loss of the buccal fat pad with a resulting prominence of the malar eminence and the infraorbital rim (Figure 1 ). After discussion of the various methods for reconstruction, the patient was consented for implantation of a customized e-PTFE implant. 
Surgical Technique
Preoperatively in the sitting position, the volume-deficient areas were marked. Under general endotracheal anesthesia and sterile technique with corneal shields, a subciliary incision was performed and the blunt dissection was carried down to the inferior orbital rim with care not to violate the orbital septum. At this point, the periosteum was incised and the dissection transitioned into the subperiosteal plane over the anterior surface of the maxilla. While creating this pocket, caution was taken to identify and preserve the infraorbital branch of the trigeminal nerve (V2).
Meanwhile, on a separate sterile table, a 10 × 5 cm sheet of e-PTFE was cut into oval-shaped pieces of decreasing size. The pieces were then stacked together in such a way as to create an inverted pyramid. The implant was sutured together with a 5 -0 clear nylon (Figure 2) .
To facilitate insertion of the implant into the subperiosteal pocket and prevent migration, a 4 -0 prolene was used as a tacking suture to the external skin (Figure 3) . Once the implant was in the proper location, the midface was resuspended by closing the periosteum with a 5 -0 PDS suture. The overlying skin was then closed using using a 5 -0 fast-absorbing gut suture in a simple running fashion. The tacking suture holding the implant was removed during the 1-week follow-up appointment.
At one year postoperatively, the incisions were well-healed and flat. The facial contouring was restored with a natural appearance, and most importantly, the patient was extremely satisfied with the result (Figure 4) . Figure 2 . The area of volume loss was measured preoperatively and served as a template for shaping the implant (top left). In the operating room, the e-PTFE sheet was cut into six ovals of descending size (top right) and then sutured together to complete the construction of the implant (bottom). 
Discussion
An estimated 1 million people are currently living with HIV in the United States. Of these, approximately half will manifest signs of facial lipoatrophy [1] . Although the causes are not completely understood, the associated lipoatrophy can be psychologically and physically devastating as well as irreversible. These patients typically present with facial volume loss that results in sunken cheeks and temple regions with prominent orbital rims. The patients frequently report depression, isolation, and low self-esteem secondary to this disease process [3] . It is, therefore, essential to continue to develop and improve facial augmentation protocols.
Current treatment options include systemic therapies, often futile, and surgical therapies, which can be further subdivided into temporary, semi-permanent and permanent modalities.
Temporary Options
Collagen injections are a popular temporary solution and include Zyderm I, Zyderm II, and Zyplast. These products are made from cow dermis and are used for filling fine, intermediate and deep lines, respectively. The volume effects typically last 3 -12 months, at which point repeat injections would be required to maintain the restored appearance. Similarly, Cymetra, Dermalogen, Cosoderm, and Cosmoplast, which are derived from human cadaveric specimens, can be used with comparable results [4] .
Hyaluronic acid-based products are another popular option. Although hyaluronic acid is found naturally in the dermis, it is often chemically treated to increase its longevity as an injectable filler [5] . These products are grouped based on their density of hyaluronic acid. The more dense commercial products, such as Juvederm 30, Perlane, and Hylaform Plus, are used for more sever conditions and can last up to twelve to fifteen months [5] [6]. Restylane and Juvederm 24 are of intermediate density and last six to nine months. The least dense are Restylane Touch and Hylaform Fineline, which typically only last three to six months [5] .
Semi-Permanent Options
Radiesse, a calcium hydroxyapatite based product, is also commonly used for facial augmentation with very high patient satisfaction. Studies have shown this product to be effective for periods of up to ten to eighteen months and occasionally longer [7] .
Sculptra, an implant composed of poly-L-lactic acid (PLLA) microparticles, is unique in that it has received FDA approval for the treatment of HIV-associated facial lipoatrophy. PLLA is a synthetic product that is biocompatible, biodegradable, and immunologically inert. Sculptra augments the face by first filling the defect with the material, but as the PLLA is degraded, collagen production is stimulated to produce an effect that can last up to ten to twenty months. Although patients report high rates of satisfaction with this treatment, long-term nodules have been reported, which can require surgical removal [8] .
Permanent Options
Gore-Tex, Advanta, and Soft-Form are permanent polytetrafluoroethylene (PTFE) based products that are used as surgical implants. These products are immunologically inert with a porous surface allowing cellular ingrowth and vascular penetration. Higher rates of patient satisfaction have been reported with Gore-Tex and Advanta as compared with Soft-Form [9] .
The permanent non-injectable implants have two main drawbacks. Given the more invasive procedure required to properly place the implant, a longer recovery time is expected. A higher revision rate is also reported. This may be due to implant adjustment, updating or removal due to other complications [9] .
All of the methods for facial rejuvenation should remain part of the surgical armamentarium when treating the HIV-positive population with facial lipoatrophy. Like all pathologic entities, these patients present with a spectrum of appearances. Temporary and semi-temporary fillers are very effective in treating milder variants, while permanent methods should be reserved for more severe presentations. Our described technique proved to be an effective treatment for this patient who presented with severe lipoatrophy. Once a series of patients treated with this technique have been identified, a direct comparison with the FDA-approved Sculptra can be performed.
Conclusion
Facial lipoatrophy is a serious problem among the HIV-positive population on HAART and is a well-documented source of their decreased quality of life. Despite the various available products, no single method has been proven to be a reliable and durable treatment. Our technique of tailoring an e-PTFE sheet and placing it in the volume deficient areas has shown to be an efficient and reproducible method to restore a natural appearance. Both the surgical team and the patient were impressed with the excellent results. By placing the implant in a sub-periosteal pocket, the risk of revision from migration or the need to update is reduced. The current patient is now more than 1 year out from surgery and is still demonstrating an excellent outcome. We believe that this method should be added to the surgical armamentarium for facial rejuvenation especially in patients with moderate to severe facial lipoatrophy that have been resistant to injectable treatments.
